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g (54) Title: IMPROVED METHODS AND SOLUTIONS FOR STORING DONOR ORGANS 

(57) Abstract: The present invention provides methods of preserving, storing and transplanting mammalian donor organs. The 
method includes the cooling of refngeiation preservation, loading pre-jfreezer preservation, cryopreservation, and washing solutions 
O ^ containing polyvinylpyuolidone, a calcium channel blocker, a nucleoside, potassium cWoiide. polyethylene glycol, at least 
O one amino add, and a steroid to a temperature of 2** to 4 'C and/or of 0 * to 2*'C, harvesting a donor organ, perfusing it with one or 
^ more of the solution, immersing it in one or more of the solutions and storing it at a temperature above O'C or at a temperatures below 
Q 0*C including -20*C, -SO'^C and -196'C. The cryopreservation solution also contains cryopreservative agents. Preserved organs may 
be transplanted directly from refrigeration storage or from freezer storage by cooling the washing refrigeration preservation solutions 
to 2** to 4**C, perfusing the organ with washing solution and then preservation solution, and transplanting it. 
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Iiaf KOVEBMETHODS-^^^ SOLUTIONS FOR STORING DONOR ORGANS 



CROSS-REFERENCE 

10001] This application claims the benefit of U.S. Provisional Application No. 60/698,618, filed July 1 1, 2005, 
whichi is incorporated herein by reference. 

FIEIJ> OF THE INVENTION 
[0002] The invention relates genexally to organ storage systems. More particularly, the invention relates to 
solutions and meHiods for preserving donor organs and storing them for extended periods of time before 
transplantation or other use in the future. 

BACKGROUND OF THE INVENTION 
[0003] One of the greatest problems in donor organ transplantation is the storage and preservation of organs 
between the time of harvest from a donor and the time of transplantation into a recipient The amount of time that 
can lapse between the two events is quite limited because the cells and tissues of the donor organ deteriorate over 
time, even if they are stored at refrigerated tenqjeratures. Once harvested, cells and tissues are deprived of the 
oxygen that is required to maintain internal metabolism and cell volume integrity. To counteract the ill effects of 
low oxygeni, standard techniques for modem organ preservation involve the exposure of a harvested organ to 
preservation solutions at cold ten^ratures not below 0°C. Although colder ten^eratures are a solution to oxygen 
deprivation in donor organ tissue, they present thek own problenos. Cold or hypothermic conditions may lead to 
cellular damage including a reduced ability to generate energy, maintain cell volume integrity, and also swelling 
and/or cell dea& 

[0004] A widely used preservation solution is conomonly known as University of Wisconsin (UW) solution or 
Viaspan, which is manufactured by DuPont. However, the preservation of donor organs using Viaspan is generally 
limited to a 36-hour period in kidneys before the organs begin to deteriorate. For example, if kidneys are perfiised 
wilii UW solution and packed on ice, surgeons will attempt to use them within 24 hours but not later than 36 hours 
after harvesting. A principal problem however is that the viability of the donor kidney decreases over time of 
storage so that by 36 hours there is at least some damage to the tubular cells. This generally results in deoreased 
viability of the kidney cells so that urine production and proper kidney fimction are delayed after transplant As a 
result, artificial kidney function or dialysis is generally required for full recovery of a recipient after transplantation. 
[0005] Storage of organs at siib-zero temperatures is not possible or extremely difiELcult because tlie tissue and 
water in the organ usually fireezies. These relatively lower temperature ranges cause damage or destruction to the 
cells and tissues. Today there are some solutions currently available for organ storage purposes such as Viaspan, but 
their capacity to store organs effectively is generally Hmited. There is a need for improved solutions and methods 
for effective organ preservation for extended periods of time. 

SUMMARY OF THE INVENTION 
[0006] The invention describes solutions and methods for preserving donor organs for use in transplantation or 
other medical purposes in the future. In accordance with one aspect of the invention, a variety of storage methods at 
different temperatures are provided. The invention provides for example a first series of methods for cold storage or 
storage at refiigerator temperatures (about O'' to about 6**C), and a second series of methods for storage at sub-zero 
teniperatures as low as about -20**C, which is generally the equivalent to a refiigerator fireezer temperatures, or lower 
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temperarures incliiding cryopreservation temperatures that drop to as low as about -80*'C and vitrification at -196°C. 
Other aspects of the invention provide preservation solutions that can be designed to provide low temperature organ 
storage benefits including reduction of interstitial edema and endothelial swelling. These solutions can also provide 
antioxidant and anti-proteolytic protection, can preserve proper intracellular ion concentration, and can offer an 
5 energy source to STqjpoit cellular ^notions including the Krebs cycle. 

[0007] One aspect of the invention is metiiods of storing pancreatic tissue and islet cells from pancreatic tissue. 
One embodiment is a method of presraving pancreatic tissue at refrigeration tettperatures comprising harvesting a 
pancreatic tissue; perfusing the pancreatic tissue with a refrigeration preservation solution; and storing the pancreatic 
tissue at a refrigeration temperature above O'C. The refrigeration preservation solution preferably at least contains 

1 0 polyvinylpyrrolidone (PVP-40), a calcium channel blocker^ a nucleoside, potassium chloride, polyethylene glycol, at 
least one amino acid, and a steroid and is preferably at a temperature between about 2* and about 4*a Another 
embodiment is a method of preserving islet cells of pancreatic tissue at refrigeration tera5)eratures con^rising 
suspending a pancreatic islet cell in a refrigeration preservation solution; and storing the suspended islet cell at a 
refrigeration temperature above 0*C. Preferably the refrigeration preservation solution at least contains 

15 polyvinylpyrrolidone (PVP-40), a calcium channel blocloer, a nucleoside, potassium chloride, polyethylene glycol, at 
least one amino acid, and a steroid and is preferably cooled to a temperature between about i and about 4'c. 
Preferably, tiie calcium ion flux inhibitor is verapamil and preferably and prefereably tiie nucleoside is adcnosme. 
The amino acid or amino acids are preferably N-acetylcysteine, glycine, aiginme, proline, glutamate, serine, alanine, 
histidine, leucine, methionine, phenylalanine and tryptophan. Preferably, the steroid is dexamethasone. Preferably, 

20 the refrigeration preservation solution has a pH between 7.0 and 7.5. 

[0008] Another embodiment is a method of preserving at freezer tenq)eratures a pancreatic tissue con^rising 
perfusing a pancreatic tissue with a refrigeration preservation solution at least containing polyvinylpyrrolidone 
(PVP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, 
and a steroid; mfiising the pancreatic tissue with a loading pre-freezer preservation solution at least containing 

25 polyvmylpyrrolidone (PVP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyetiiylene glycol, at 
least one amino acid, and a steroid; infusmg the pancreatic tissue with a crycpreservation solution at least containing 
polyvinylpyrroUdone (PVP-40), a calcium channel blocker, a nucleoside, potassium cMoride, polyethylene glycol, at 
least one ammo acid, a steroid, glycerol, propanediol, an alcohol and an alkyl sulfoxide to; and storhig the pancreatic 
tissue at a tenqjerature below O'C. Preferably, the refrigeration preservation solution is at a temperature between 

30 about 2" and about 4'c, tiie loading pre-freezer preservation solution is at a lenipemture between about 2" and about 
4'C, and the cryopreservation solution is at a ten5)crature between about H and about 4'C. Warming prior to 
transplantation typicaUy involves moving the pancreatic tissue from a Hquid nitrogen freezer to a cryofreezer; 
moving the pancreatic tissue from the cryofreezer to a freezer at about -20'C; movmg the pancreatic tissue from tiie 
freezer at about -20*C to an environment of about O'C to about 4"C; infusing the pancreatic tissue with a washing 

35 solution at least containing polyvinylpyrroUdone (PVP-40), a calcium channel blocker, a nucleoside, potassium 
chloride, polyethylene glycol, at least one ammo acid, a steroid, glycerol, propanediol, an alcohol and an alkyl 
sulfoxide; infusing the pancreatic tissue widi a loading pre-freezer preservation solution at least containing 
polyvmylpyrrolidone ^VP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at 
least one ammo acid, and a steroid; infusing tiie pancreatic tissue with a cryopreservation solution at least containing 

40 polyvmy^jyirolidone (PVP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at 
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leasf oiie ainiho acid, a steroid, glycerol, propanediol, an alcolxol and an alkyl sulfoxide to; and transplanting said 
pancreatic tissue, 

[0009] Another embodiment is a method of preserving at freezer temperatures an islet cell of a pancreatic tissue 
comprising suspending an islet cell of a pancreatic tissue in a refrigeration preservation solution at least containing 
polyvinylpyrrolidone (PVP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at 
least one amino acid, and a steroid; separating the islet cell from the refrigeration preservation solution; suspending 
the islet cell in a loading pre-fljeezer preservation solution at least containing polyvinylpyrrolidone CPVP-40), a 
calcium channel blocker, a nacleoside, potassium chloride, polyethylene glycol, at least one amino acid, and a 
steroid; separating the islet cell from the loading pre-frreezer preservation solution; suspending the islet cell in a 
cryopreservation solution at least containing polyvinylpyrrolidone (PVP-40), a calcium channel blocker, a 
nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, a steroid, glycerol, propanediol, an 
alcohol and an alkyl sulfoxide; and storing the islet cell at a temperature below 0*C. Preferably, the refrigeration 
preservation solution is at a temperature between about 2° and about 4°C; the loading pre-freezer preservation 
solution is at a temperature between about 0* and about 4"C; and the cryopreservation solution is at a teniperature 
between about 0° and about 4'C. The islet cells are typically wanned by moving the islet cell from a liquid nitrogen 
freezer to a cryofreezer; moving the islet cell from the cryofreezer to a freezer at about -20''C; moving the islet cell 
from the freezer at about -20'C to an envirotuneiit of about 0*C to about 4*C; transferrting the islet cell into a 
washing solution at least containing polyvinylpyrrolidone (PVP'40), a calcium channel blocker, a nucleoside, 
potassium chloride, polyethylene glycol, at least one amino add, a steroid, glycerol, propanediol, an alcohol and an 
alkyl sulfoxide; transferciing the islet cell into a loading pre-freezer preservation solution at least containing 
polyvinylpyrrolidone (PVP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at 
least one amino acid, and a steroid; transferrring the islet cell into a cryopreservation solution at least containing 
polyvinylpyrrolidone (PVP-40), a calcium channel blocker, a nucleoside, potassimn chloride, polyethylene glycol, at 
least one amino acid, a steroid, glycerol, propanediol, an alcohol and an alkyl sulfoxide to; and transplanting the islet 
cell. The pancreatic tissue or islet cells can be stored in a cryofreezer or stored in a cryofreezer and then moved to a 
liquid nitrogen freezer. 

[0010] other goals and advantages of die invention will be frirther appreciated and understood when considered in 
conjunction witii Ifae following description and accoinpanying drawings. While tihe following description may 
contain specific details describing particular embodiments of the invention, this should not be construed as 
limitations to the scope of the invention but rather as an exenoplification of preferable embodiments. For each 
aspect of the invention, many variations are possible as suggested herein that are known to those of ordinary skill in 
the art. A variety of changes and modifications can be made within tiie scope of Ihe invention without departing 
from the spirit thereof. 

BIOEF DESCRIPTION OF THE FIGURES 
[0011] The novel features of the invention are set forth with particularity in the appended claims. A better 
understanding of the features and advantages of the present invention will be obtained by reference to the following 
detailed description that sets forth illustrative erribodiments, in which the principles of the invention are utilized, and 
the accompanying drawings of which: 

[0012] Figure 1 is an overall flowchart illustrating the operation of an embodiment of the invention that provides 
methods for organ preservation and transplantation. 
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[0013] Figure 2 is a flowchart ilhistiating me operation of two embodiments of the invention wherein a donor 
organ can be stored at refrigeration ten^eratures as in Figure 2A or at freezing ten^Deratures as in Figure 2B. 
[0014] Figure 3 is a flowchart illustrating the operation of different embodiments of the invention wherein a 
preserved donor organ can either be removed from cold storage or refrigeration teniperatures and transplanted as in 
Figure 3 A, or thawed from freezer ten^eratures as in Figure 3B and transplanted. 

[0015] Figure 4 is a table that lists the conqx)sition of a refrigeration preservation solution. Solution #1 » provided 
in accordance with anotixer aspect of the invention, in addition^ a range of concentrations is provided to illustrate 
some o&er variations of tiie ingredients that maybe used for Solution #1. 

[0016] Figure 5 is a table that lists the con^onents of Ihe loading pre-freezer preservation solution. Solution #2, 
which noay be used before treatment with a cryopreservation solution. In addition, a range of concentrations for 
these conq>onents is provided to illustrate some other alternatives of Solution #2, 

[0017] Figure 6 is a table that lists another embodiment of the invention that provides a cryopreservation solution. 
Solution #3. In addition, a range of concentrations is provided to illustrate some other variations of solution 
ingredients that may be used for Solution #3. 

[0018] Figure 7 is a table that lists the coio^sition of a washing solution. Solution #4. In addition, a range of 
ingredient concenbations is provided to iltastrate some other variations of Solution #4 that may be used in 
accordance with this aspect of &e invention. 

DETAILED DESCRIPTION OF TBDB INVENTION 
[0019] Current organ preservation, storage and transplantation procedures are limited because organs are so 
vulnerable to damage after removal from a donor. Once harvested, cells and tissues are deprived of the oxygen that 
is required to maintain internal metabolism and cell volume integrity. This low oxygen state is called ischemia and 
leads to hypoxia^ which prevents oxygen &om being delivered to ihe organ tissue. Without oxygen, cellular tissue 
can suffer injury as cell metabolism frul and individual cells can be subject to swelling or inflammation. 
[0020] To counteract the ill effects of ischemia, standard techniques for noodem organ preservation involve the 
exposure of a harvested organ to preservation solutions at cold ten^eratures not below O^C. This treatment 
essentially creates hypothermic conditions tiiat reduce a cell's need for metabolic oxygen, Coniponents of the 
solution and the cold environment combine to protect the cell from ischemic conditions and thereby prevent the 
onset of injury. This procedure is lmo\yn as cold flush preservation, in which the preservation solutions are designed 
to eliminate chemical potrardal gradients across the cell membranes of die cells con:^osing the organ. By doing so 
the solution tends to mimic the intracellular environment and prevent the donor organ cells from activating 
metabolic pathways. Although hypothermia is a solution to oxygen deprivation in donor organ tissue, it presents its 
own problems. The cells of an organ preserved under hypothermic conditions lose their abOity to source of ATP, 
and therefore cannot produce the energy reqtiired to regulate the sodium-potassium pump, which is one of the most 
r important modulators of internal cell volxmie. Also the hypoxic environment induces the release of intracellular 
calcium and elevated concentrations of calcium can lead to subsequent activation of multiple metaboHc 
inflammatory pathways. As a result, the cells may exhibit endothelial cell swelling, a loss of blood vessel integrity, 
including iho reduction in the internal diameter of blood vessels called a vasospasm, and even cell death in tubules. 
[0021] One of the most widely used solutions in organ preservation and storage is known as University of 
Wisconsin (UW) solution or Viaspan, which is manufectured by DuPont. However, preservation of donor organs 
using Viaspan is generally limited to a 36-hour period in kidneys before Ihe organs begin to deteriorate. 
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[0Q2!2] tn'genef ai;mel:irnrent mfttatieriST'dfi-donor organ preservation time seriously haiiiper the capacity of organ 
transplantation procedures. The 36-hoiir time frame allowed for ki(3neys does not always provide sufficient time for 
accurate cross-matching of donors and recipients, which is needed to increase the chances of a successful transplant 
In addition, tiie time required for transnational and trans-international transport of donor organs and of recipients 
may exceed tiie viability period of organs preserved under current procedures. 
Methods for preservatiorL storage and transplantation 

[0023 J The invention provides ing}roved methods and solutions for storing organs for future medical uses such as 
organ transplants into a recipient. In one aspect of the invention, mefeods are provided using various preservation 
sohjtions and cryopreservation sohitions to prepare and store a donor organ after it is harvested. The preserved 
organ can then be placed in storage at an appropriate temperature for prolonged periods of time that can be greater 
than 36 Lours. With respect to anotiier erribodiment of the invention, when the preserved organ is required for 
transplantation, the combination of a preservation solution and a washing solution can be utilized to thaw organ 
&om storage and transplant it into a recipient 

100241 Figure 1 is an overall flowchart illustrating the operation of one embodiment of the invention that provides 
15 organpreservationandtransplantationmethods. At step 101, amammalian organ is removed or harvested &om a 

donor. It may be a liver, kidney, pancreas, heart, cornea, sfcm, or any other type of mammalian oigan, tissue ot cells. 

Step 1 02 represents Ae appHcation of a preservation solution on to a harvested donor organ. In another embodiment 

of the invention, it may be preferable to have the solution perfused through the donor organ. In step 103, the donor 

organ is prepared for storage at an appropriate ten^erature. The donor organ can also be maintained in the 
20 preservation solution and placed in storage. This aspect of the invention provides for the application, perfusion, 

infusion or immersion of the donor organ into a cryopreservation solution before storing the donor organ at an 

appropriate temperature. 

[0025] At the time a donor organ bcconses available, a potential recipient may not yet have been identified. One 
embodiment of the invention addresses such a problem as follows. The donor organ may be prepared as above in 
25 steps 101-103, and then stored at an appropriate teii5)erature as in step 104. At a later date when flie appropriate 
recipient for the stored donor organ becomes available, it can be thawed and transplanted as in step 105. One 
embodiment of tbe invention utilizes a washing solution tiiat is followed by a preservation solution to thaw the 
stored organ in preparation for the transplantation procedure. 

[0026] Figure 2 provides two flowcharts each illustrating an embodiment whereby a donor organ can be stored at a 
30 different ten^rature. The flowchart in Figure 2A illustrates a series of steps in accordance with this aspect of the 
invention for preservmg a donor organ at refrigeration temperatures, which are defined herein as between 
approximately 0*»C and 6°C. Step 201 involves the cooling to 2'* and 4°C of Solution #1, which is a refrigeration 
preservation solution provided m accordance with another aspect of the invention. This mixture can have a pH of 
7.0 to 7.5, and can contain a variety of ingredients such as a hydrophihc polymer, a saccharide, a vmyl polymer, a 
35 calcium ion flux inhibitor, a dihydrofolate reductase inhibitor, a bacteriostatic, antibacterial agent, a nucleoside, 
amino acids, salts, an energy source for tiie citric acid cycle, a steroid analogue, a membrane stabilizer, and a 
diuretic. Step 202 represents the harvesting of a donor organ. After cooling and harvesting, the organ is perfused 
with Solution #1 as shown in step 203. Followmg perfusion, the organ is immersed in Solution #1 as shown in step 
204 and stored at and 4°C for 36 hours before transplantation, as shown in step 205. 
40 [0027] The flowchart in Figure 2B describes yet another embodiment of the invention for storage of donor organs 
at freezer teniperatures, defined herein as between approximately and -80*^0. Step 206 represents the cooling of 
both Solution a loading pre-freezer preservation solution, and Solution #3, a cryopreservation solution. Solution 
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#2 iflay*tf6iita&i i''^fl^'dj^]Sm6 'p6I^ a vinyl polymer, a calcium ion flux inhibitor, a dihydrofolate 

reductase inhibitor, a bacteriostatic, antibacterial agent, a nucleoside, amino acids, salts, an energy source for the 
citric acid cycle, a steroid analogue, a membrane stabilizer, and a diviretic. Solution #3 contains the same 
ingredients as Solution #2 but also contains a number of cryopreservatives, including glycerol, propanediol, an 
5 alcohol and a cryoprotectant agent A quantity of Solution #2 is cooled to a trarperature between 2** and 4**C. In 
addition, a quantity of Solution #2 and #3 is further cooled to a teirperature between 0** and 2**C* As represented by 
step 207, a needle such as a 27 g needle is Ihen inserted into the isolated arterial system of tiie organ before removal 
from the donor, and Solution #2 cooled at 2^ to 4''C, is infused via Ihe needle for approximately 1 minute. In step 
20S the organ is removed £ix)m the donor and immersed in Solution #2 which is cooled to 0^ and 2^C, and 
1 0 maintained at that ten:^erature for 30 minutes. In step 209, the organ is kept at 0° to 2^*0 and a quantity of Solution 
#3 cooled to 0^ and 2°C is gradually infused via 'die needle. Then the donor organ is immersed in Solution #3 
cooled to 0° and 2°C for 30 minutes. Following this incubation, the donor organ is stored in Solution #3 at a 
ten^)erature below 0°C as in step 210. 

[0028] In another embodiment of the invention as shown in Figure 2B, an additional step can be provided that 
1 5 follows step 210, The donor organ can be then transferred to cryofireezer ten^eratures, which can be defined as 

about -SO^C or lower as shown in step 211. However, it is preferable for the donor organ to be stored at -20'*C for at 
least 8 hom:s before it is transferred to lower ten^eratures such as -80°C. 

[0029] Figures 3 A-B provide flowcharts that illustrate the methodology and operation of alternative embodiments 
of the invention. A preserved organ can either be removed firom refrigeration' temperatures and transplanted as 

20 shown in Figure 3 A. In Figure 3A, the donor organ is removed directly from storage at reMgeration temperatures in 
step 301 and transplanted into a suitable recipient in step 302. Alternatively, an organ can be thawed from freezer 
teir^eratures, and subsequently transplanted as indicated in Figure 3B. Figure 3B provides the steps for 
traDsplaotation of a donor organ stored at freezer tenoperatures* Step 303 illustrates the &st requirement of cooling 
Solution #1 and Solution #4 to a teii5>erature between 2^C and 4°C. The organ is then removed from freezer 

25 tempCTature storage in step 304 and perfused with cooled Solution #4 as shown ia step 305. Solution #4 is a 

washing solution containing a hydrophilic polymer, a saccharide, a vinyl polymer, a calcimn ion flux inhibitor, a 
dihydrofolate reductase inhibitor, a bacteriostatic, antibacterial agent, a nucleoside, amino acids, salts, an energy 
source for the citric acid cycle, a steroid analogue, a membrane stabilizer, and a diuretic. Following step 305, the . 
organ is perfused with cooled Solution #1 according to step 306. Step 307 represents the transplantation of the 

30 organ into a suitable recipient. 

[0030] An alternate embodiment of the invration provides suitable solutions and methods for organ storage at 
cryofreezer temperatures. The steps described in Figure 3B can be first preceded by an additional step. A preserved 
donor organ can be removed from storage at cryofreezer temperatures and placed at freezer temperatures for 8 hours 
or more. After this period, the donor organ may be transplanted foUowiag steps 304-308 in Figure 3B. 

35 [0031] In the methods described herein, the entire tissue or organ may be stored or isolated cells from these tissues 
or organs may be stored. For exainple, the techniques described herein can be used to store pancreas and/or the 
isolated islet cells from the pancreas. 

[0032] In one embodiment the pancreas are isolated and perfused with Solution #1 and then stored in a refrigerator 
at about 2® to about 4** C for about 24 hours to about 48 hours. The pancreas is then transplanted into a recipient 
40 [0033] Another embodiment is a method for storage of isolated islet cells from the pancreas. Islet cells are isolated 
from tiie pancreas usiag known methods. The isolated islet cells are then suspended in Solution #1 and placed into a 
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reftifeefatbr: FoUowing about 24 hours to about 48 hours of storage, islet cells from different pancreases may or 
may not be pooled and injected into a recipient using known methods for islet cell transplantation. 
[0034] In yet another embodiment, pancreas are surgically isolated using known methods and technique and tiien 
perfused with Solution #1, foUowed by infusion with Solution #2. Then the pancreas is mfused with Solution #3 
5 and is placed in a freezer at about ~.20«C for a few hours and is then transferred to a cryofreezer. The pancreas can 
be stored for weeks or several months or longer in a cryofreezer, or transferred to a Hquid nitrogen freezer. To 
warm the pantareas for use in transplantation, the pancreas are moved to a cryofreezer for about 8 hours or longer 
and is then put into a freezer at about -20^C for 6-8 hours. The pancreas is transferred to an environment of 0° to 
about 4°C and then infused with Solution #4 followed by Solution #2 and then Solution*!. The pancreas are then 

1 0 transplanted or islet cells are isolated from the pancreas usmg known methods and the islet cells are transplanted. 
[0035] In another embodiment, islet cells are obtained from the pancreas using known methods and the obtamed 
islet cells are suspended in Solution #1 . Solution #1 is at a ten^erature of about 2° to about 4^C. Islet cells are 
separated from Solution #1 by any method including gentle centrifdgation and are then placed into Solution #2 and 
kept at 0^ to about 4*»C. The islet cells are then removed from Solution #2 and placed into Solution #3 while 

1 5 maailahiing a temperature of 0<> to about 4^C. The islet cells are then put into a freezer at about --20^0 for a few 
hours and then transferred to a cryofieezer. They can be stored in the ciyofi^er or transfened to Hquid nitrogen 
for even longer storage times. 

[0036) To warm the stored islet cells, they are moved to a cryofreezer for about 8 hours or longer and then to a 
freezer at about -2a°C for 6-8 hours. Islet ceUs are then moved to a temperature of 0° to about 4°C and transferred 
20 hxto Solution #4, then into Solution #2, and fmaUy into Solution #1 all at 0** to about 4°C. The islet cells can flien be 
transplanted or pooled with other islet cells and transplanted. 
Solutions u sed for preservation, storage and transplantation 

[0037] One of the most widely used sohitions m organ preservation and storage is known as University of 
Wisconsm (UW) solution or Viaspan, which is manufectured by DuPont. However, preservation of donor organs 
25 usmgViaspan is generaUylhmted to a 36-hour period in kidneys befo^^ The 
solutions described herein may allow for significantly longer storage periods. 

[00381 A variety of organ preservation and storage solutions are provided herein m accordance with mveution. 
These preservation solutions may contam one or more of the following ingredients: a large molecule hydrophilic 
polymer used for cellular protection of the organ, agents for reducing interstitial edema or fluid buildup inside cells, 

30 an energy source for cellular functions, agents for maintaimng cellular ion concentrations including a variety of 
salts, and series of one or more amino acids that can help prevent proteolysis and to scavenge free radicals as 
antioxidants. Other solution additives may include cell membrane stabilizers and anti-inflammatory agents. 
[00391 The table in Figure 4 Usts a solution provided m accordance with another aspect of the invention. Solution 
#1, a refrigeration preservation solution. In addition, a range of concentrations is provided to illustrate some other 

35 embodiments that may be used for Solution #1. Solution #1 mcludes for example polyethylene glycol (PEG), which 
is a large molecular hydrophihc polymer used-to protect the cells of the donor organ by preventing the passage of 
extraceUular solutes through an organ cells' membranes. The PEG from Sigma-Aldrich, product P2263, may be 
preferably used but any comparable or equivalent chemical can be used m place of PEG. Polyvinylpyirohdone or 
PVP-40 is a large molecular vmyl polymer. PVP-40 can be used in a manner smrilar to PEG. PVP-40 protects 

40 donor organ cells from an influx of excess solutes. Its large size generaDy serves to prevent solute entry. A 

preferable form of PVP.40 from Sigma-Aldrich, product P0930, or any other comparable chemical may be used. 
Sucrose is a disaccharide and as a large molecule also functions to prevent solute entry into the cells of the donor 
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oigan. if also helps reduce the amount of interstitial edema, or flviid buildup, inside the cells. Another ingredient of 
Solution #1 is verapamil, which is a calcium ion influx inhibitor for preventing the entry of extracellular calcium 
ions into flie donor organ cells. Verapamil may protect donor organ cells by preventing an elevation of intracelhilar 
caldum concentration, which can limit die activation of inflammatory pathways after long storage preservation 
5 periods. Moreover, ithas been observed that veac^amil can also provide protection by down-regulating inffltration 
of neutrophils or other immime response elements. Lopcz-Neblina F, et aL "Mechanism of protection of verapamil 
by prevraiting neutrophil infjitration in ibs ischemic rat kidney" Surg. Res. (Match 1996) Vohmie 61(2), pages 
469-72. Adenosine is a nucleoside fliat plays a role in metabolic energy transfers. » serves as anoflier eoeigy source 
inSolution#l. Each listed salt MgS04,Naa,Ka,Mga can be present in Solution #1 and used to preserve the 

10 proper intraceUular concentration of ions. Proper ionic gradients aoross the donor organ cell membranes are 

maintained through the use of these salts. The amino acids, glycine, aiginine, serine, proline, glutamine and N- 
acetylcysteine are used to prevent proteoloj^is and to scavenge free radicals as antioxidants. In addition, 
acetylcysteine itself enhances the production of the enzyme glutathione, which is a powerful antioxidant Pyruvate 
is present in Sohition^fiZ as the primary energy source for flie donor organ cells. It is the main input into the citric 

1 5 acid cycle, which allows cells to utilize oxygen for cellular respiration and the generation of encagy. lidocaine is a 
local anesdietio used to stabilize cell membranes and to some extenli.to prevent ischeanio and repcrfijsion damage, as 
well as subsequent swelling of the donor organ cells. DexamethasonB is a steroid that fimctions as an anti- 
inflammatory agent It helps reduce endothelial cell swelling. 

10040] Figure 5 provides a table iUustrating another embodiment of the invention. Solution #2. Solution #2 is a 

20 loadij^ pre-fireezer preservation solution that includes an illustrated list of ingredients that vary within a range of 
concentrations. This solution contains a higher concentration of polyethylene glycol (PEG) than Solution #1 
because Has storage conditions will be lower than 0«C. The additional PEG may provide additional cryoprotection at 
fliese tBB9>eratHres. la addition, the large molecular size of PEG, sucrose, trehalose and PVP-40 provide protection 
against the influx of extraceUular sohites into die donor organ cells, and also produce a slight dehydration fliat 

25 aUows better cryoprotection. The combined addition of trehalose with another disaccharide such as sucrose 
provides additional benefit and protection. Ven^jamfl serves as a calcium ion influx inhibitor, just as it did in 
Solution #1. Verapamil is a phenylallcylaniinecaldum channel blocker. Thereareanumberof classes of calcium 
channel blockers that might be used in place of verapamil. For example, diltiazem (a benzofliiazepine), nicardipine, 
nifedipine, or nimodipine (all dihydropyridines), b^dil (a diacylaminopropylamine ether) and mibefradil (a 

30 benzimidazole-substituted tetraline) may all serve the same function in Solutions #l-#4. Adenosine and the salts 
MgSO*. NaCl, KCl, MgCl, all serve the same function as they did in Solution #1 but the higher concentration of 
NaQ causes a slight dehydration that is protective in nature because it decreases the amount of water in the cells and 
by doing so limits the formation of ice crystals. The amino acids, glycine, arginine, serine, proline, glutamine and 
N-acetylcystrane act as anti-jnroteolytic agents and/or antioxidants. Pyruvate iiqrats into the citric acid cycle, 

35 lidocaine stebilizes &s donor organ cell memtaanes, dexamefliasone provides anti-inflanunatory protection and 
ethacrynate helps to reduce interstitial edema. 

10041] Figure 6 is a table that Usts another embodiment of the invention. Solution #3, which is a cryopreservation 
solution. A range of concentrations is provided to fllustrate some other variations of Solution #3 that can be used in 
accordance with flic invention. As in Solution #2, the PEG concentration can be higher to cope with the lower 
40 temperatures at which the organ will be stored. PEG, sucrose and PVP-40 play a similar role a cryopreservants and 
their large molecular size prevents lie entry of extracellular solutes. Other disaccharides besides sucrose may be 
substituted or combmed, such as trehalose, lactose, maltose, isomaltose, or cellobiose. As with Solution #2, there is 

8 
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bendtit tCT aadtogTtJajm&rM adSitioif t6"5ffi8t disaccharides. In addition, PVP-40 may be substituted vdih alternate 
macromolectdes, such as the complex colloidal Dextran-40 or gelatin. Adenosine and pyruvate are added as energy 
sources, and the salts are added to preserve safe ionic gradients across the donor organ cell membranes. As in 
Solutions #1 and #2, the amino acids, glycine, arginine, serine, proline, glutamine and N-acetylcysteinc are added to 
prohibit proteolysis of cellular proteins. These amino acids, particularly serine and proline, may be substituted with 
other amino adds of a similar fimction, such as alanine, histidine, leucine, methionine, phenylalanine and 
tryptophan. The membas of the latter group all have anti-proteolytic activity. As in Solutions #1 and #2, lidocaine 
serves to stabilize cell membranes, dexametbasone prevents inflammation of the donor organ and ethacrynate 
reduces mterstitial edema and the initial induction of diuresis or urine excretioa Solution #3 is a cryopreservation 
solution and can therefore contain nigredients not found in Solutians #1 and #2. For example, a variety of anti- 
freeze components can be included such as three different types in Solution #3. Two are glycerol and propanediol, 
both alcohols with a low freezing point, which allows them to prevent the organ from freezing at temperatm-es 
below freezing. Propanediol, is also an anti-frceze agent, and dimethyl sulfoxide (DMSO) is the third. Besides 
being an organic solvent that keeps all the ingredients in solution, DMSO is a well-known cryoprotective agent that 
lowers the fi^ezfaag point and allows a slow cooling rate. It is effective at preventing donor organ cells from 
freezing at subzero ten^peratures. 

[0042] It is hnportant to note that the NaCl concentration is generally higher in Solution #2 dian in Solutions m 
and #4 because the organ is bemg dehydrated slightly. This removal of water from the cell will reduce the 
likelihood that ice crystals will be fomied during the freeziag process of the organ. The DMSO in Solution #3 also 
plays a role by replacing the lost water from the cell. As DMSO has a lower freezing point, the cell will be less 
likely to form ice crystals. 

[0043] Figure 7 is a table that lists another embodhnent of the mvention. Solution #4, which is a washing solution. 
In addition, a range of concentrations is provided to illustrate some other variations of Solution #4 provided herein. 
The washing solution substantially contains the same macromolecules, PEG, PVP-40 and sucrose to help prevent an 
influx of extracellular sohites. Verapamil is presrat to block calcium ion entry, pyruvate and adenosine are present 
as energy sources, the same salts preserve proper ionic gradients, and lidocaine stabilizes the cell membranes. The 
adrenal cortical steroid, dexamethasone is mcluded to stop mflammation of the organ. However, other such steroids 
maybe substituted for dexametiiasone, such as hydrocortisone, aldactone, or aristocort. 

[0044] Solution #4, tiie washing solution, generally contains the same ingredients as found in Solutions #1 and #2, 
except tiie concentration of NaCl is typically lower than m Solution #1 . This allows Solution #4 to wash out the 
cryosolution. Solution #3, and rehydrate the cell. The DMSO from Solution #3 that had replace water in the cell 
prior to freezing is washed out and water is added back as .the temperature of tiie stored organ is restored to normal. 
[0045] It is important to note that the concentrations and the ranges of concentrations of each ingredient of 
Solutions #l-#4 are relatively low con^ared to other organ preservation/storage solutions correntiy available, such 
asViaspan. Viaspan contains ingredients in higher concentrations than the solutions descri^^ Higher 
ingredient concentration however generally increases the toxicity of tiie solution to the donor organ. 

Kit for Organ preservation, storage and transplantation 

[0045] In accordance witii yet another aspect of the invention, each of tiie Solutions #1, #2, #3 and #4 described 
herein can be stored in separate containers within a single package or a kit Such kits may be marketed to entities 
engaged in the busmess or activities of harvesting, storing, preserving and/or transplanting donor organs. These kits 
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may mcmde instfuctibiiLS"fdf inetKdas of organ preparation and storage as described elsewhere herein. In accordance 
with an aspect of the invention, various types of mammalian organs can be treated and prepared for storage over 
extended periods of time. While experiments were conducted in tiie following examples with rat kidneys, the 
invention here can be applied to human subjects or other mammals and their respective organs. 
Organ Storage at Cold Storage or at Rej&igerator Temperatures 
Example 1 

100471 Donor rat kidneys were harvested by usual methods and perfused wiA Solution #1 (described below), 
conqirised of ingredients listed in tlifi table below. This solution is a mixture designed to reduce mterstitial edema 
and endothelial swelling, contains antioxidants and anti-proteolytic amino acids, and preserves proper intracellular 
concentrations of ions including magnesium, sodhma, andpotassiijmu This solution is con:pised of 
macromolecules, impOTneable molecules, ammo acids, energy sources that support the Krebs cycle, and salts. The 
pH of this solution is about 7.3 -fA 0.1. 

[00481 The kidneys that were perfused with Solution #1 were stored in a rejGdgerator at about 2^ to 4° C for 36 
hours and then transplanted mto anephric rats using a published method. The transplanted kidneys were observed to 

15 quickly timied pink with fiesh blood and immediately began pro<^ 

[00491 In contrast donor kidneys perfused with UW solution and stored for 36 hours m the refiigerator did not 
turn as bright with blood nor did fliey make appropriate amounts of urine after transplantation. 
[00501 Organs peifiased or stored in a solution such as this Solution #1 or equivalent solution can be stored for 
extended periods and recover and function rapidly after transplantation. Specifically, kidneys can be stored for 36 

20 hours, 40 hours, 48 hours, 50 hours, or longer and then transplanted and are viable and they function. 
Example 2 

[00511 Pancreas organs were removed from rats by well-known technique and processed according to this 
inveaition as described in the preceding Exanaple 1 . Each pancreas was perfused with Solution #1 of this invention 
and then stored in a refiigerator at about to about 4^ C for 24 to 48 hours. Each panra-eas was then transplanted 
25 into an insulin-defi.cient rat and produced insulin in an amount sufficient to sustain the recipient 
Example 3 

[0052] Pancreas organs were removed from rats as in the preceding Exan[5)le 2. Islet cells were isolated from the 
pancreas using known methods. The isolated islet ceUs were then suspended in Solution #1 of this invention and 
placed into a refrigerator. Following 24 to 48 hours of storage, islet cells from 4 diiTerent pancreases were pooled 
30 and uijected into an insuhn-deficient rat usmg known methods for islet ceU transplantation. The transplanted islet 
cells produced insulin in the rec^ient rat 
Organ Storage at Sub-zero Tem peratures (below Q'=*0 

[00531 Two solutions are used in sequence to perfuse or wash organs in preparation for sub^o storage (Sohxtion 
#2 and Solution #3 described below). After storage at sub-zero tenaperature. Solution #3 is washed out with 
35 Solution #4 (described below) followed by washing with Solution #2 and #1, and the organ is transplanted. These 
solutions #2, #3, and #4 are similar to Solution #1 with some modifications for use m cryopreservation (storage at 
sub-zero tenqjeratures). Solution #3 (cryosolution) contains cryoprotectants. All sohitions are cold at about 2 to 4° 
C when used for perfrising or washing organs. 
Example 4 

40 [0054] The donor rat kidneys were perfused for 30 minutes at 2° to 4° C with Solution #2 which is the same as 

Solution #1 except that sodium chloride is at 2.5% and amounts of PEG and sucrose are increased. Then the donor 
kidneys were perfused at to 4° C for 30 mmutes with Solution #3 (cryopreservation solution). The kidneys were 

10 
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placea mio a remgetatcsfs ireezet at a'Dotir-lJO^'a Kidneys were stored far days, but could be stored for much 
longer periods or weeks or months. 

[0055] The kidneys did not jQreeze because of the use of the perfasion solutions and the system utilized as indicated 
above. 

[00561 After removing the kidneys from the freezer, the kidneys were perfused with a washing solution (Solution 
#4), which is identical to Solution #2 except that ttie amount of NaQ is 10 mM. Finally, kidneys were perfused for 
30 mmutes with Solution #1 and transplanted ThetransplantedkidiiBys were observed to turn pink in color as they 
were reperfiised widi blood and immediately produced urine. 

10057] The solutions used in this example are con^rised as listed in the tables below. 

[0058] By following the method stated above and using the invented sohxtions described, or essentially equivalent 
solutions, organs can be stored at sub-zero ten^eratures for extended periods of time of days, weeks, or months, 
until used for transplantation by following the stated metiiod of this invention. 

[00591 Solutions listed below are aU at a pH of about 7,3 +A 0. 1 in a phosphate buffer con^rised of 950 ml water, 

10 ml IM monobasic phosphate, and 40 ml IM dibasic phosphate. 

Examples 

[0060] The following is a description of a procedure in accordance with the invention for organ storage of four rat 
kidneys at temperatures as low as about -80*'C. The same solutions described herein may be applied for storage at 
temperatures generally in this range. 

{00611 Each of the kidneys can be dissected in a standard manner isolating the renal flow with silk. The venous 
drainage is opened which may be accon^lished usually by sectioning the renal vein. A 27 g needle may be mserted 
in the isolated arterial system so flushing of the kidney can start immediately. It is desirable to avoid air circulation 
or the introduction of aur bubbles into the system during this process. An inftision with 1 ml of volume of tiie 
preservation sohition #1 may be performed m about 1 minute at 2 to 4°C. Then the organ is removed and 
immediately immersed in tiie same solution at 0 to 2°C, then the in&sion of 10 ml of tiie loadiag (anti-freeze 
Solution n) is hutiated at 0.300 ml per minute, and tiie kidney is maintained at 0 to 2^C daring tins infusion. Then 
the mfiasion of 10 ml of the subzero sohition (anti-fireeze Solution #3) is initiated at 0.300 ml per minute, and tiie 
kidney is mamtamed at 0 to 2°C during tins infusion. The graft unmersed in tiie anti-fteeze solution is subsequenfly 
placed in tiie freezer at ~20^C for 12 hours, and tiien placed in the cryo-freezer at -80^C for ctyo-preservation. 
[0062] To warm up tiie organ after its storage at -80°C for cryo-preservation, it is initially placed in a -20°C 
surrounding for 12 hovxs (regular freezer). Afterwards it is placed at a 0 to 2^C cnvfronment, and then 10 ml of tiie 
washing solution (Solution #4) is introduced at 0.300 ml per minute. The kidney is maintamed at 0 to 2^C during 
tills infusion. Subsequenfly flie graft is pUced in a refrigerator at 2 to 4<'C for at least one hour. Each of tiie kidneys 
were tiien transplanted in a customary feshion and tiien aflowed circulation of blood. The Repeifusion Damage 
Index was measured during tiie first 15 mhmtes. The graft was removed at 60 minutes of reperfiision and placed in 
buffeared formal in 10% for histology (H&E) and pictures taken at 600x. The histology yielded positive results witii 
intact glomeruli and tiie cellular structure in flie kidneys were generally maintained foHowing organ storage at -80°C 
m accordance with the invention herein. 

f0063] The foUowhig is a description of a procedure in accordance with the invention for vitrification of rat 
kidneys in hquid nitrogen (LN2) at temperatures as low as about -196°C. he same solutions described herein may 
be applied for storage at temperatures generally in tiiis range, and in some embodiments of tiie invention, preferable 
storage temperatures mcludmg a range between -SO'^C and -IPS'^C. 
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[0064] Each, of the kidtieys can be dJssected in a standard manner isolating the renal flow with silk. The venous 
drainage is opened which may be accomplished usually by sectioning the renal vein. A 27 g needle may be inserted 
in the isolated arterial system so flushing of the kidney can start immediately. It is desirable to avoid air circulation 
or the introduction of air bubbles into the system during this process^ An infusion with 1 ml of volume of the 
preservation solution #1 may be performed in about 1 minute at 2 to 4**C. Then the organ is removed and 
immediately immersed in the same solution at 0 to 2°Q then the infusion of 10 ml of the loading (anti-freeze 
Solution #2) is initiated at 0.300 ml per minute, and the kidney is maintained at 0 to 2°C dunng this infusion. Then 
the infusion of 10 ml of the svUbzero solution (anti-fireeze Solution #3) is initiated at 0.300 ml per minute, and the 
kidney is maintained at 0 to 2^C dunng this infusion. The graft ixmnersed in the anti-fi:eeze solution is subsequenfly 
placed in the fleezer at -20°C for 6-8 hours, and then placed in the cryo-fireezer at -80*^C for cryo-preservation for 6- 
8 hours. Finally the graft is transferred to a dewar fiUed witii II42 and it is submerged in it at -196^^ 
vitrification and long term storage. 

[0065] To warm up the organ after its vitrified at -196°C first is rapidly remove from Hie LN2 and placed in the 
cryofreezer at -80°C for 8-12 hours, then it is placed in a -20°C surrounding for 6-8 hours (regular freezer). 
Afterwards it is placed at a 0 to 2°C environment; and then 10 ml of the washing solution (Solution #4) are 
introduced at 0.300 ml per minute. The kidney is maintained at 0 to 4''C during tius.infusion, then the infusion of 10 
ml of the loading (anti-freeze Solution #2) is imtiated at 0.3 00 ml per minute, and the kidney is maintained at 0 to 
2°C during this infusion. Siibsequendy the graft is infused with 2 ml of the regular preservation solution #1 and 
keep in refrigerator at 2 to 4°C for at least 30 minutes before the implantation. Each of the kidneys were then 
transplanted in a customary fashion and then allowed circulation of blood. The Reperflision Damage Index was 
measured during the first 15 minutes. The graft was removed at 60 minutes of reperfusion and placed in buffered 
formal in 10% for histology (H&E) and pictures taken at 600x, The histology yielded positive results with intact 
glomeruli and the cellular structure in the kidneys were generally maintained following organ storage at -196°C in 
accordance with the invention herein. 
Example 6 

[0066] Pancreas is surgically isolated using known methods and technique. The pancreas is perfused with 
Solution #1 of this invention in a way analogous to the preceding example. The pancreas is then infrised with 
Solution #2, as noted above. Then the pancreas is infused wifli Solution #3 and is placed in a freezer at about — 20**C 
for a few hours and is Uien transferred to a cryofreezer. The pancreas can be stored for weeks or several months or 
longer in a cryofreezer, but in this exainple it is then transferred to a liquid nitrogen freezer. 

[0067] To warm the pancreas for use in transplantation, the pancreas is moved to a cryofreezer for about 8 hours or 
longer and is then put into a freezer at about -20°C for 6-8 hours. The pancreas is transferred to an enviromnent of 
0° to about A^'C and then infused witii Solution #4 followed by Solution 4f2 aiid then Solution #1 . The pancreas is 
then transplanted or islet cells are isolated from the pancreas using known methods and the islet cells are 
transplanted. 
Example 7 

[0068] Pancreas is obtained as in the previous example. Islet cells are obtained from the pancreas using known 
methods and the obtained islet cells are suspended in Solution #1 of this invention. Solution #1 is at a temperature 
of about 2"* to about 4X. Islet cells are separated from Solution #1 by any method including gentle centrifugation 
and are then placed into Solution #2 and kept at 0® to about 4°C. The islet cells are then removed from Solution #2 
and placed into Solution #3 while maintaining a temperature of 0° to about 4^*0. The islet cells are then put into a 
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Ireeger af alicfiit -2(mfoi ^ Tew hours and t&en transferred to a cayofireezer. They can be stored in the cryofreezer 
or transferred to liquid nitrogen for even longer storage times. 

10069] To warm the stored islet cells, they are moved to a cryofreezer for about 8 hours or longer and then to a 
freezer at about ^20^C for 6-8 hours. Islet cells are then moved to a ten:^erature of 0° to about 4*=*C and transferred 
5 into Solution #4, then into Solution #2, and finally into Solution #1 ail at 0** to about 4*'C. The islet cells can then be 
transplanted or pooled with other islet cells and transplanted. 

I0070J As evidenced by the exan^les mentioned above, the methods and sohxtions herein may also provide organ 
storage similarly at teniperatures as low as -20'*C, at -80°C or even lower at about -196®C. A preferable 
eiribodiment of the invention may be provided as set forth above at ten^ierature ranges down to about -196**C, 
10 including temperatures between -80° and -196°C. These techniques maybe appKed to other Tnai-nm^Kati organs 
including human kidneys. 

[0071] While preferred embodiments of the present invention have been shown and described herein, it will be 
obvious to those skilled in the art that such embodiments are provided by way of exan^le only. Numerous 
variations, changes, and substitutions wiU now occur to those skilled in the art without departing from the invention, 

15 It should be understood that various alternatives to the eiribodiments of the invention described herein may be 

en^loyed in practicing the invention. It is intended that the following clahns define the scope of the mventlon and 
that methods and structures within the scope of these clanns and fteir equivalents be covered thereby. 
[0072] All publications, patents, and patent applications mentioned in to specification are herein incorporated by 
reference to the same extent as if each mdividual publication or patent application was specifically and individuaDy 

20 indicated to be incorporated by reference. 
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CLAIMS 

1 - A method of preserving pancreatic tissue at reftigeration temperatures con^rising: 

cooling a refrigeration preservation solution at least containing polyvinylpyrrolidone VP-^0), a calcium 
5 channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at least one amino acid> and a steroid to a 
temperature between about 2* and about 4*C; 
harvestmg a pancreatic tissue; 

perfbsing die pancreatic tissue with Ifae xefiigexatum pxescrvation sofaitiai^ and 
storing Ibe pancreatic tissue at a refiigecatioii temperature above 0*CL 
10 2. The method of claim 1 ¥i1iezein the caldum 10^ 

3. The method of claim 1 vdierein the nucleoside is adenosine. 

4. The method of claim 1 wherein Ibe amino acid or ammo acids are selected from a group consisting of N- 
acetylcysteine, glycine, aiginine, proline, glutamate, serine, alanine, histidine, leucine, methionine, phenylalanine 
and tryptophan. 

15 5. The niefhod of claim 1 vtdifiietn the steroid is dexamethasone. 

6. The method of claim 1 wherein the refidigeiation preservation soluticm has a pH between 7.0 and 7.5. 

I. Tfaemetbodaccapdingtoclaiml, including Ifae fbrtberst^ 

removing the pencreatic tissue from a refiigiBratian tenqierature above O^C; and 
transplanting the pancreatic tissue. 
20 8. A method of preserving islet cells of pancreatic tissue at refrigeration tenqjemtures con^six^ 

cooling a refrigeration preservation solution at least containing polyvinylpyrrolidone (P VP-40), a calcium 
channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, and a steroid to a 
temperature between about i and about 4*C; 

suspending a pancreatic islet cell in the refrigeratiott preservation solution; and 
25 storing said suspended islet cell at a refrigeration temperature above O'^C. 

9. The method ofdaim 8 wherein the calcium mi £h]xinh£bitQ^ 

10. The method ofchum 8 wherein the nucleodde is adenosine. 

II. The method ofcbhn 8 wherein the amino add or ammo acids are selected from a group consisting of N» 
acetylcysteme, ycine, argjnme, jwoline, glutamate, serine, alanine, histidine, leucine, methionine, phei^lalanine 

30 and tryptophan. 

12. The mediod of claim 8 wherein the steroid is dexamethasone. 

13. The method of claim 8 wherein tie refrigeration preservation solution has a pH between 7.0 and 7.5. 

14. The method according to claim 8, including the frirtfaer steps of 

tenioving the pancreatic islet cenfrx>m a refrigeration tenqserati^ and 
35 transplanting the pancreatic islet celL 

15. A method of preserving at freezer temperatures a pancreatic tissue comprising: 

pexfiismg a pamneatic tissue widi a refrigeration preservation solution at a temperature between about 2* 
and about 4 Q said refrigeration preservation solution at least containing polyviaylpyitoKdone (FVP-40X a calcium 
channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, and a stemid; 

infusing said pancreatic tissue witii a loading pre-fteeaser preservation solution at a temperature between 
about 2" and about 4*C, said loadmg pre-freezer preservation soluticm at least contaming polyvmylpyirolidone (PVP- 
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steroid; 

infusing said pancreatic tissue with a cryopreservation solution, said ciyopreservation solution at least 
containing polyviny^yrroHdone (PVP-40), a calcinm channel blocker, a nucleoside, potassium chloride, 
5 polyethylene glycol, at least one amino acid, a steroid, glycerol, propanediol, an alcohol and an alkyl sulfoxide to; 
and 

storing the said pancreatic tissue at a temperatuie below 0*C. 

16. Ibe method of daim IS indiemn said pancreatic tissue is stored in a oyofieezer. 

1 7. Ihe method of claim 1 5 indierein flis calcium ion fiux inhibitor is verapamil. 
10 IS. Ihe method of claim IS wherein tfie nucleoside is adenosine. 

19. The method of claim 1 5 wherein flbe amhio add oc amino adds are selected fiom a group consisting of N- 
acetylcystehae, glycine, argimne, proline, gjniamate, serine, alanine, histtdme, leucme, methicadne, phenylalamne 
and tryptophan. 

20. The method of claim 1 S wherein the steroid is dexamethasone. 

15 21. The method of daim 15 wbeteta the loadmg pre-freezer preservation solution and the cryopreservation 
soluticm each have a pH between 7.0 and 7.5. 

22. The method of chum 16 fiulhercomprisixig: 

mo vmg said pancreatic tissue fiom said cryofireezer to a liquid nitrogen fieezer. 

23. The method of claim 22 further con^insmg: 

20 moving said pancreatic tissue fiom said liqidd nitrogen fireezer to a cryo£reezei^ 

moving said pancreatic tissue from said cryofieezer to a freezer at about -20'C; 

moving said pancreatic tissue firom said fireezer at about -20*C to an environment of about 0*C to about 4*C; 

infusmg said pancr^tic tissue with a washing solution at least containing polyvmylpyrrolidone (PVP^O), a 
calcium channel blocker, a nucleoside, potassmm chloride, polyethylene glycol, at least one ammo acid, a stdteid, 
25 glycerol, pcopauediol, an alcohol and an aiOsyl sulfixxide; 

infiismg said paocieatic tissue wifli a loadmg pie-fineezer iroservation solution at least conlaimng 
poft^y^pyIIoHdone (P VP-40), a calcium diannel blocker, a nucleoside, potassium cUoride, polyethylene glycol, at 
least one anuno acid, and a steroid; 

infusing said pancreatic tissue with a cryopreservation solution at least containing polyvmylpynolidone 
30 (PVP-40), a calcmm channel blocber, a nucleoside, potassium chloride, polyethylene glycol, at least one amino arid, 
a steroid, glycerol, propanediol, an alcbhol and an all^l sulfoxide to; and 

transplanting said pancreatic tissue. 

24. The method of dami22 whmin &e calcium ion flux inhibitor is verapamil. 

25. The method of claim 22 wherein die nucleoside is adenosine. 

35 26. The method of cla2m22 wheremthe anunoaddorammo acids are selected fiom a group consisting of N- 
acetylcysteine, glycme, arginine, jroline, ghitamate?. serine, ahnme, histidme, leucme, mefiuomne, phenylalanine 
and tryptophan. 

27. The method of claun 22 wherein the steroid is dexamethasone. 

28. The method of claim 22 wherein the washing solution has a pH between 7.0 and 7.5. 
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29. A method of preservmg at freezer ten^atures an islet cell of a pancreatic tissue con^rising: 



between about jT and about 4''C; said lefiigeradon preservation solution at least containing polyvinylpyrrolidone 
(PVP-4DX a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, 
. and a steroid; 

,5 separating said islet cell firom said refrigeration preservation solution; 

suspending said islet cell in a loadmg pre-fireezer preservation solution at a ten^rature between about O"" 
and about 4*C> said loading pre-freezer preservation solution at least containing poljrvinylpyrrolidone (PVP-40), a 
calcium channel blodcer, a nucleoside^ potassium chloride, polyethylene glycol, at least one andno acid, and a 
steroid; 

t 

10 separating said islet ceH fiom said loading pre-£reezerpieservattQn solution; 

suspeiKling said islet cell in a ciyoprcservation solution at a teniperatuie between about 0* and about 4*C, 
sa&l cryopreservation solution at least containing polyvinylpyrrolidone CPVP-40X a calcium channel blocker, a 
nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, a steroid, glycerol, propanediol, an 
alcohol and an alk/l sulfoxide to; and 

1 5 storing said islet cell at a temperature below 0'*C. 

30. The method of claim 29 wherein said pancreatic tissue is stored in a ciyofi^ezer. 

3 1 . The method of claim 29 iitibeiein the calcium icm flux inhibitor is verapamiL 

32. The method of claim 29 wherem the nucleoside is adenosine. 

33. The metted of claim 29 wherein the amino acid or amino acids are selected fiom a group consistmg of N- 
20 acetylcysteine, glydne, axi^nine, proline^ gjutamate, serine, abnine, Ustidfaie, leucine, methionine, phenylalamne 

and tryptophan. 

34. The method of claim 29 wherein the steroid is dexametiiasone. 

35. The method of claim 29 wberein the loading pre-'freezer preservation solution and the cryopreservation 
solution each have a pH between 7.0 and 7.5. 

25 36. The mediod of claim 30 further con^rising: 

moving said pancreatic tissue fiom said oyofieezer to a liquid nitrogen fieezer. 
37. The mediod of claim 36 fintber comprisii^; 

nvmng said islet cell fiom said liquid nitrogen fieezer to a cryofieezer; 

moving said islet celi fiom said cryofieezer to a fieezer at about -20'Q 
30 moving said islet cell fiom said fieezer at about -20**C to an environment of about 0*C to about 4*C; 

transferrring said islet cell into a washing solution at least containing polyvinylpyrrolidone (PVP-^), a 
calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at least one amino acid, a steroid, 
glycerol, propanediol, an alcohol and an alkyl sulfoxide; 

tzansferrring said islet cell into a loading pre-fieezer preservation solution at least containing 
35 polyvinylpyrroHdone (PVP-40), a calcium channel blocker, a nucleoside, potassium chloride, polyethylene glycol, at 
least one amino acid, and a stemid; 

transferrring said islet cell into a cryqsreservation sohition at least containing polyvinylpyrrolidone (PVP- 
40), a caldum chaimei blocker, a nucleoside, potassium chloride, polyefiiylene glycol, at least one amino acid, a 
steroid, glycerol, propanediol, an alcohol and an alkyl sulfoxide to; and 



40 transplanting said islet cell. 

38. The method of claim 36 wherein the calcium ion flux inhibitor is verapamil. 

39. The method'of claim 36 wherein the nucleoside is adenosine. 

-16- 



40. ^TaBmiffi^£fckim3$w 

acetylcysteine* glycine, arginine» proline, glutamate, serine, alanine, histidine, leucine, xnetiuonine, phenylalanine 
andtiyptoplian. 

41 . The method of claim 36 wherein the steroid is dexamethasone. 

42. The metibod of claim 36 wherein the washing sohition has a pH between 7.0 and 7.5. 
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Fig. 3A. 

Remove Organ from 
Refrigeration Storage 



^ 301 



i 



Transplant Organ 



302 



303 



Fig. 3B. 

Cool Solution #1 & 
. #4 



30/" 



Remove Organ from 
Freezer Storage 



305 



T 



Perfuse Organ with 
Solution #4 



306 



Perfuse Organ with 
Solution #1 



307 



Transplant Organ 



Fig. 3 



wo 2007/030198 



4/7 



PCT/US2006/027025 



Soltttioii #1 





Concentratioii 


Range of Concentratioii 


PEG 


1% 


1-3% 


Sucrose 


0.75% 


0.5-3% 


PVP-40 


1% 


1-3% 


Veranamil 


lOml/L 


1-20 ml/L 


Adenosine 


5mM 


1-10 mM 








MgS04 


5mM 


1-10 mM 


KCl 


15 mM 


10-20 mM 


MgCl 


5mM 


1-10 mM 


NaCl 


10 mM 


5-15 mM 


Glycine 


50 mM 


50-150 mM 


N-acetylcysteine 


lOmM 


10-50 mM 


Argmine 


15 mM 


10-50 mM 


Proline 


15 mM 


10-50 mM 


Glutamine 


20 mM 


10-50 mM 


Serine 


10 mM 


10-50 mM 


Glutamate 


15mM 


10-50 mM 


Cysteine 


lOmM 


10-50 mM 


Methionine 


15mM 


10-50 mM 


Isoleucine 


15mM 


10-50 mM 


Leucine 


15mM 


10-50 mM 


Pyruvate 


lOmM 


10-50 mM 


Lidocaine 


2mM 


1-5 mM 


Dexamethasone 


lOmg/L 


5-50 mg/L 



Figure 4 
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Solution #2 



JLn grcCUcIH 




Ran9e of Concentratioii 




1 5% 


1-4% 




1. /Q 


0.5-3% 


XT V Jr-*rU 


1% 


1-3% 


i. i dlcUC/oC 


1 5% 


1-3% 


A/PTflTk 5ITm 1 




1-20 ml/L 


A dif^n^ine 


5mM 


1-10 mM 


PTiosT)liocreatiiie 


20mM 


10-20mM 


MgS04 


SroM 


1-10 mM 


KCl 


15 mM 


10-20 mM 


MgCl 


5 mM 


1-10 mM 


NaCl 


2.5% 


1-5 % 


Glycine 


50 mM 


50-150 mM 


N-acetylcysteine 


10 mM ' 


10-50 mM 


Arginine 


15 mM 


10-50 mM 


Proline 


15 mM 


10-50mM 


Glutamine 


20 mM 


10-50 mM 


Serine 


10 mM 


10-50 mM 


Glutamate 


15mM 


10-50 mM 


Cysteine 


lOmM 


10-50 mM 


Pyruvate 


10 mM 


10-50 mM 


Lidocaine 


2mM 


1-5 mM 


Dexamethasone 


lOmg/L 


5-50 mg/L 



F^reS 
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SoIutLon #3 



Ingredient 


Concentration 


Range of Concentration 


PEG 


1.5% 


1-4% 


Sucrose 


1% 


0.5-3% 


PVP-40 


1% 


1-3% 


Trehalose 


1.5% 


1-3% 


Verapamil 


lOml/L 


l-20ml/L 


Adenosine 


SmM 


1-10 mM 


Phosphocreatine 


20mM 


10-20mM 


MgS04 


5mM 


1-10 mM 


KCl 


15 mM 


10-20 mM 


MgCl 


5 mM 


1-10 mM 


NaCl 


10 mM 


5-15 mM 


Glycine 


50 mM 


50-150 mM 


N-acetylcysteine 


10 mM 


10-50 mM 


Arginine 


15 mM 


10-50 mM 


Proline 


15 mM 


10-50 mM 


Gliitamine 


20 mM 


lu-ju mJVL 


Serine 


10 mM 


10-50 mM 


Glutamate 


15mM 


10-50 mM 


Cysteine 


lOmM 


10-50 mM 


Pyruvate 


lOmM 


10-50 mM 


Lidocaine 


2mM 


1-5 mM 


Dexamethasone 


lOmg/L 


5-50 mg/L 


Glycerol 


15% (v/v) 


15-30% 


Propanediol 


15% (v/v) 


5-15% 


Dimethyl sulfoxide 


10% (v/v) 


1-10% 



Figure 6 
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Solution #4 



Ingredient 


Concentration 


jVAuge oi ^oucenir duuu 


PEG 


1.5% 




Sucrose 


1% 




PVP-40 


t ft/ 
1% 




Verapamil 


lOml/L 


l-2Uml/i-r 


Adenosine 


5 mM 


1-lU mM 


Phosphocreatine 


20mM 


lU-20mM 


MgS04 


5 roM 


1-lU mJVL 


KCl 


15 mM 


iU-^U miVL 


MgCl 


5 mM 


i-iU mM. 


NaCl 


10 mM 


< 1 < *MA>r 
D-iD mivi 


Glycine 


50 roM 


DU-IDU XnJVL 


N-acetylcysteine 


iU nHVL 


1 A m'M' 
IV-DU TTiiVi 


A -r*m TTITI 


15 mM 


10-50 noM 


Proline 


15 mM 


10-50 mM 


Glutamine 


20 mM 


10-50 mM 


Serine 


10 mM 


10-50 mM 


Glutamate 


15mM 


10-50 mM 


Cysteine 


lOmM 


10-50 mM 


Mettiionine 


15mM 


10-50 mM 


Pyruvate 


lOmM 


10-50 mM 


Lidocaine 


2mM 


1-5 mM 


Dexamethasone 


lOmg/L 


5-50 mg/L 



Figure 7 



